Streptomyces sp. WK-5344, a soil isolate, was found to produce structurally related inhibitors of cholesteryl ester transfer protein (CETP). Newactive compounds, designated ferroverdins B and C, were isolated along with known ferroverdin A from the fermentation broth by solvent extraction, ODS column chromatography and silica gel column chromatography. All ferroverdins showed a dose-dependent inhibitory activity against human CETP. The IC50 values were 21, 0.62 and 2.2^m for ferroverdins A, B and C, respectively, indicating that ferroverdin B is one of the most potent CETPinhibitors ofmicrobial origin.
During our screening for cholesteryl ester transfer protein (CETP) inhibitors of microbial origin, novel erabulenols were isolated from the culture broth of Penicillium sp. FO-56371^. Recently, another actinomycete strain WK-5344 was found to produce a series of CETP inhibitors.
Three structurally related active compounds were isolated from the fermentation broth of the producer.
One compound was identified as ferroverdin (newly designated ferroverdin A in this paper), which was previously reported as a green pigment3'4), but the others named ferroverdins B and C ( Fig. 1 ) were found to be new.
In this paper, the taxonomy of the producing strain, fermentation, isolation and biological properties of ferroverdins are described. The structure elucidation of ferroverdins B and C will be described in the accompanying paper5).
Materials and Methods

General Experimental Procedures
The strain WK-5344was isolated from a soil sample, and was used for production of ferroverdins. ODSgel (SS 1020T, Senshu Sci. Co.) and Kieselgel 60 (E. Merck) were used for columnchromatographies. HPLCwas carried out using the Waters (600E) system.
Taxonomic Studies
The morphological properties were observed with a scanning electron microscope (model JSM-5600, JEOL Ltd.). um } containing 1%carbon sources.
Assay for CETPActivity
The assay for CETPactivity was carried out according to our established method12).
Antimicrobial Activity Antimicrobial activity was tested using paper disks (6 mm,ADVANTEC). Bacteria were grown on MuellerHinton agar medium (Difco), and fungi and yeasts were grown on potato broth agar medium. Antimicrobial activity was observed after a 24-hour incubation at 37°C for bacteria and after a 48-hour incubation at 27°C for fungi and yeasts.
Results
Taxonomy of the Producing Strain WK-5344 Morphological Properties
The vegetative mycelia grew abundantly on both synthetic and complex media, and did not show fragmentation into coccoid or bacillary elements. The aerial mycelia grew abundantly on oatmeal agar and inorganic salts-starch agar. The spore chains were spiral type and each had more than 20 spores per chain. The spores were oval in shape, 1.0X0.5/im in size, and had a spiny surface (Fig. 2) . Whirls, sclerotic granules, sporangia and flagellated spores were not observed.
Chemical Composition
The DAP isomer in whole cells of the strain was determined to be LL-type. Major menaquinones were MK-9(H6) and MK-9(H8). 
Cultural Characteristics and Physiological Properties
The cultural characteristics and the physiological properties are shown in Tables 1 and 2 . The vegetative mycelia showed beige to brown color on various media.
The aerial mass color showed white to gray. Soluble pigment was produced on yeast extract -malt extract agar, oatmeal agar, glucose -asparagine agar, glucose -nitrate agar and glycerol -calcium malate agar. The utilization of carbon sources is shown in Table 3 .
Based on the taxonomic properties described above, the strain WK-5344is considered to belong to the genus Streptomycesl3\ The strain was deposited in the National 
Fermentati on
A slant culture of the strain WK-5344grown on Seino agar (starch 1.0%, N-Z amine 0.3%, yeast extract 0.1%, meat extract 0.1%, CaCO3 0.3%, agar 1.0%, pH 7.0) was used to inoculate a 50-ml test tube containing 10ml of the seed medium (glucose 0.1%, starch 2.4%, peptone 0.3%, meat extract 0.3%, yeast extract 0.5%, CaCO3 0.4%, pH 7.0)., The tube was shaken on a reciprocal shaker for 4 days at 27°C. One ml of the seed culture was inoculated into a 500-ml Erlenmeyer flask containing 100ml of the same medium. After a 72-hour incubation, 1% of the second seed culture was inoculated into a 30-liter jar fermentor charged to 20 liters of a production medium (soluble starch 4.0%, hypro-toast meal (nonfat soybean meal) 2.0%, Na2SO4
(1/10n) 32ml/liter, FeSO4-7H2O 0.05%, KH2PO4 0.05%, KC1 0.03%, pH 6.5). The fermentation was carried out at 27°C. The production of ferroverdins was measured by HPLGunder the following conditions: column, PEGASIL ODS 3 /u (4.6X50mm); a linear gradient from 30% CH3CN to 65% CH3CNfor 30 minutes; detection, UV at 280nm; flow rate, 1.5ml/minute. Ferroverdins A, B and C were eluted as peaks with retention times of26.0, 10.8 and 19.3 minutes, respectively. The production of ferroverdins was observed at day 2 after inoculation, and reached a maximumat day 3 for ferroverdin A and at day 4 for ferroverdins B and C (Fig. 3) .
Isolation
The 4-day old culture broth (20 liters) was centrifuged to obtain the mycelium, which was extracted with 6.0 liters of acetone. After filtration, the extract was concentrated to removeacetone, and the resulting aqueoussolution was adjusted to pH 5.0 with H3PO4and extracted with ethyl acetate (10 liters). The organic layer was dried over Na2SO4
and concentrated in vacuo to dryness to give a green oil (9.20g, IC50 90/ug/ml). A portion of the oil (4.16g) was distributed in a solution of^-hexane -methanol -H2O(900 ml, 40 : 19 : 1, v/v). Then the lower layers was concentrated in vacuo to dryness to give a dark green powder (1.29g, IC50 45^g/ml). The powder was subjected to an ODScolumn (Senshu 200ml) , which was eluted by a linear gradient from 30% CH3CN in 0.05% H3PO4 (480ml) to 100% CH3CN(580ml), and each 12ml of the elution was successively collected. The 39th to 46th fractions containing ferroverdins were concentrated and extracted with ethyl acetate (100ml). The organic layer was dried over Na2SO4and concentrated in vacuo to dryness to give a green powder (157 mg, IC50 8.0 /ig/ml). The powder was dissolved in chloroform and applied on a silica gel column (Kieselgel 60, 126ml, 4.0X10cm) previously equilibrated with chloroform. The materials were eluted stepwise with chloroform -methanol solutions tively. They were concentrated in vacuo to give pure ferroverdin A (2.63mg, IC50 18^g/ml), B (1.69mg, IC50 0.54 /ig/ml) and C (1.12mg, IC50 2.0^g/ml) as green powders. Gl ucos e-aspara gine ferroverdin A (2 1 /iM).
Other Biological Activities Antimicrobial activity of the drugs at 1 mg/ml was tested Ferroverdin A was originally isolated as a green pigment produced by a streptomycete3'4). In this paper, we discovered structurally related new components B and C, Starting from 10 liters of culture broth.
along with ferroverdin A, as CETP inhibitors. All ferroverdins are composed of iron and three ligands as described in the accompanying paper5). Addition of iron ion to the fermentation mediumis essential for ferroverdin production, since no ferroverdins were detected in the mycelium whenthe producer was cultured in the medium without FeSO4 (data not shown).
Several iron complexes with^-substituted Onitrosophenols such as viridomycins14~18), actinoviridin19), 4-hydroxy-3-nitrosobenzamide ferrous chelate20) and ferroverdin A3'4) were isolated as green pigments from actinomycetes.
This series of compounds have been reported to show no significant biological activities;
viridomycin A exhibited only weak antibacterial activity14) and viridomycin F showed weak insecticidal and nematocidal activities18). As described in this paper, ferroverdins showed no antimicrobial and no insecticidal activities even at 200jiglmX, but they were found to show potent CETP inhibition. Especially ferroverdin B is one of the most potent CETP inhibitors of microbial origin. It might be worth testing whether or not other iron complexes show CETPinhibition.
